Abstract
Results
The patient's mean age was 59.7 years. The most patients were hepatitis B virus (63.4%) and CTP class A (71.8%). The median OS durations of PALBI grade1 (38.4%), grade2 (33.2%), and grade3 (28.4%) patients were 81, 30, and 5 months, respectively (P<0.001). The PALBI grade had a larger area under the receiver operator characteristic curve (AUC) than did the CTP class, MELD score, and ALBI grade (overall AUC: 0.675 vs. 0.633, 0.645, and 0.642, respectively; P < 0.001). Moreover, the PALBI and ALBI grades enabled subclassification of CTP A patients (P < 0.001). In a multivariate analysis, the PALBI and ALBI grades were significant risk factors for OS (P < 0.05). According to treatment modality, the PALBI grade was predictive of OS in patients receiving transarterial chemoembolization or PLOS 
Introduction
Hepatocellular carcinoma (HCC) is a common type of cancer and a major cause of death worldwide [1] . Despite the development of new therapies, HCC remains difficult to treat because it typically occurs in advanced liver disease or cirrhosis [2] . Treatment decisions and prognosis prediction for patients with HCC are based on performance status, liver function, and tumor burden [3] . Thus, the evaluation of liver function is important in the management of HCC. The Child-Turcotte-Pugh (CTP) class and the Model for End-stage Liver Disease (MELD) score are used widely to assess liver function [4] . The CTP class was developed to predict mortality in patients undergoing surgery for portal hypertension especially variceal bleeding [5, 6] , and is currently used to estimate the liver functional reserve and to predict overall survival (OS) in patients with HCC. The CTP class has several limitations: (1) it includes subjective factors, such as ascites and hepatic encephalopathy; (2) each variable is assigned the same weight; (3) some of the variables included, such as ascites and the albumin level, may be related; and (4) arbitrary cut-off levels result in the assignment of the same score to patients with different bilirubin levels [4, 7] . In addition, the inability to discriminate liver function and clinical outcomes among patients with HCC and well-preserved liver function is a major drawback of the CTP class system, as the majority of patients with HCC are of CTP class A [8, 9] . The MELD score is reliable for stratification of the risk of dropout in patients with HCC [10] . However, this score has limitations when applied to patients with less-severe HCC, and has been evaluated only with those awaiting liver transplantation (LT) with "exception" points [4, 9, 11] . Therefore, a new index of the liver functional reserve is needed.
The albumin-bilirubin (ALBI) grade and platelet-albumin-bilirubin (PALBI) grade were introduced to assess liver function in patients with HCC [9] . The ALBI grade is based on laboratory findings, together with the albumin and bilirubin levels, and may be reliable for the assessment of liver function in patients with HCC [12] [13] [14] . The PALBI grade, based on the ALBI grade, was developed to reflect the effect of portal hypertension. As a surrogate for portal hypertension, it includes consideration of the platelet count [15] . However, there was no study for evaluating the highest performance scoring system including PALBI and ALBI grades in each treatment modalities. Therefore, we investigated the prognostic performance of the ALBI grade, PALBI grade, CTP class, and MELD score in Korean patients with HCC according to treatment modality.
Materials and methods
The Institutional Review Board of the Catholic University of Korea approved this study (DC17RESI097) and waived the requirement for informed consent. This study was conducted in accordance with the Declaration of Helsinki.
Patients
The South Korean Ministry of Health and Welfare has maintained the Korean Central Cancer Registry (KCCR) since 1980. All new diagnosed cancer cases are registered in the database of KCCR. The Korean Liver Cancer Association (KLCA) has been randomly extracted and registered HCC cohort data from the database of KCCR. In this study, 6,669 patients who are registered in KLCA cohort with newly diagnosed HCC between 2008 and 2012 are enrolled. Of them, 162 patients were excluded for the following reasons: (1) age < 18 years (n = 1), (2) erroneous date of HCC diagnosis (n = 4), and (3) loss to follow-up due to treatment refusal (n = 157). Finally, 6,507 patients with HCC were included in this study (Fig 1) . Survival data were obtained from the records of hospitals and/or the National Health Insurance Service of Korea through December 2016.
Clinical and laboratory data
HCC was diagnosed according to the Korean Liver Cancer Study Group (KLCSG) and National Cancer Center (NCC) of Korea guidelines as follows: (1) pathological diagnosis; (2) diagnosis by one or two imaging modalities with �1 cm liver nodules in high-risk patients, such as those with hepatitis B virus (HBV) or hepatitis C virus (HCV) infection or liver cirrhosis; or (3) diagnosis by two or more imaging modalities with <1 cm liver nodules and a steadily increasing serum alpha-fetoprotein (AFP) level in high-risk patients. Diagnosis by imaging modalities was based on the following hallmarks of HCC: hypervascularity in the arterial phase and washout in the portal or delayed phase of dynamic computed tomography, dynamic magnetic resonance imaging (MRI), or gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced MRI [16] .
The CTP class and MELD score were calculated at the time of diagnosis (Table 1 ) [17] . The MELD score was classified as grade 1 (<10), grade 2 (10-14), or grade 3 (>14) [18] . The ALBI grade was classified as 1 (�−2.60), 2 (>−2.60 to �−1.39), or 3 (>−1.39) [9] . The PALBI grade was classified as 1 (�−2.53) 2 (>−2.53 to �−2.09), or 3 (>−2.09) [15] .
Tumor staging and treatment group
At the time of HCC diagnosis, tumors were staged using the Barcelona Clinic Liver Cancer (BCLC) and modified Union for Cancer Control staging systems [19, 20] . A multidisciplinary expert group in each hospital decided on the optimum initial treatment plan for each patient according to tumor staging following the BCLC and/or KLCSG-NCC guidelines. LT, surgical resection (SR), radiofrequency ablation (RFA), transarterial chemoembolization (TACE), sorafenib, and supportive-care treatments were administered by experts.
Statistics
The baseline characteristics of the patients are presented as means ± standard deviations or as counts with percentages, as appropriate [21] . The Kaplan-Meier survival method with the logrank test was used to assess the CTP class, MELD grade, BCLC stage, ALBI grade, and PALBI grade. Areas under the receiver operating characteristic curve (AUCs) were calculated for the 1-, 3-, and 5-year mortality rates. Harrell's c statistic was also calculated for each grade. The ability of the ALBI and PALBI grades to predict OS stratified by CTP class and treatment modality was evaluated using the Kaplan-Meier method. A multivariate Cox regression analysis was performed to identify risk factors for OS according to treatment modality. In this analysis, model 1 included the ALBI grade, but not the PALBI grade; model 2 included the PALBI grade, but not the ALBI grade; and model 3 included the ALBI and PALBI grades. All 
Results

Baseline characteristics
The mean age of the patients was 59.7 ± 11.4 years (range, 52.0-68.0 years), and the majority (n = 5,144, 79.1%) was male. HBV (63.4%) was the most frequent etiology of HCC, followed by alcohol (22.7%) and HCV (12.5%). The majority (n = 4,669, 71.8%) of patients was of CTP class A, and the mean MELD score was 9.8 ± 4.0 (range, 7.0-11.0). The most frequent ALBI grade was 2 (49.3%) and the most frequent PALBI grade was 1 (38.4%), followed by 2 (33.2%).
Most (61.2%) patients had single tumors, and the mean tumor size was 4.8 ± 3.9 cm (range, 2.0-6.3 cm). The largest proportion (40.5%) of patients was of BCLC stage A, followed by stage C (33.2%). The most frequent treatment modality was TACE (45.8%), followed by SR (18.2%), supportive care (17.6%), and RFA (11.6%). The baseline characteristics of the patients are summarized in Table 2 .
OS and AUC according to liver function grade
The median follow-up period was 32 months (range: 0-95 months) and the median OS of the entire cohort was 32 months (95% Confidence Interval (CI): 30-34 months). The 5-year survival rate of our nationwide cohort was 0.38 (95% CI: 0.36-0.39). OS was stratified according to the various liver function-grading systems (Fig 2) . The CTP class, MELD score, ALBI grade, and PALBI grade were associated significantly with OS (P<0.001 for each grade, Fig 2A  and 2D ). The BCLC stage also enabled stratification of OS (P<0.001, Fig 2E) .
Harrell's c statistic for OS was significantly higher for the PALBI grade than for the CTP class, MELD grade, and ALBI grade (0.675 vs. 0.633, 0.607, and 0.642, respectively; P<0.001). Moreover, the PALBI grade had the highest AUC values for the 1-, 3-, and 5-year mortality rates (0.750, 0.711, and 0.696, respectively; P<0.001; Table 3 ).
Stratification of CTP class according to ALBI grade and PALBI grade
The CTP class was stratified according to the ALBI and PALBI grades. Of the CTP A patients (n = 4,669), 54.5% (n = 2,544), 45.5% (n = 2,124), and 0.02% (n = 1) were of ALBI grades 1, 2, and 3, respectively. Of the CTP B patients (n = 1,522), 31 (2.0%), 1,042 (68.5%), and 449 (29.5%) were of ALBI grades 1, 2, and 3, respectively. Of the CTP C patients, 14.2% (n = 45) and 85.8% (n = 271) were of ALBI grades 2 and 3, respectively. No patient was of ALBI grade 1 ( Fig 3A) .
Of the CTP A patients (n = 4,669), 52.2% (n = 2,439), 38.6% (n = 1,801), and 9.2% (n = 429) were of PALBI grades 1, 2, and 3, respectively. Of the CTP B patients (n = 1,522), 23.3% (n = 60), 23.3% (n = 354), and 72.8% (n = 1,108) were of PALBI grades 1, 2, and 3, respectively. Of the CTP C patients (n = 316), 0% (n = 0), 1% (n = 3), and 99.1% (n = 313) were of PALBI grades 1, 2, and 3, respectively ( Fig 3B) .
The ALBI and PALBI grades enabled prediction of OS in patients with CTP class A HCC (Fig 3C and 3D) . OS was significantly longer for ALBI grade 1 than for ALBI grade 2 patients (median, 86 vs. 31.5 months, respectively; P < 0.001). PALBI grade 1 patients had the longest OS, followed by those of grades 2 and 3 (median, 83 vs. 35 and 8 months, respectively; P < 0.001 between each grade). However, the ALBI and PALBI grades were not predictive of OS for CTP B and C patients, with the exception of grade 2 vs. 3 in CTP B patients (P < 0.001). 
Ability of ALBI and PALBI grades for OS according to different etiologies and level of tumor marker
The ability of ALBI and PALBI grade in predicting OS was evaluated according to etiologies (Fig 4) . In hepatitis B patients, which is the major etiology of this cohort, both ALBI and PALBI grades were significant in predicting OS by grades (P < 0.001 for each grade; Fig We also investigated the predictive value of ALBI and PALBI grades for OS according to the level of AFP (Fig 5) . The cut off level of AFP (400 ng/mL) was classified into low AFP (AFP � 400 ng/mL) and high AFP group (AFP > 400 ng/mL) [22, 23] . In low AFP group, both ALBI and PALBI grade could stratified OS by their grades (P < 0.001 for each grade; Fig  5A and 5B). Moreover, in high AFP group, OS was significantly differentiated by both ALBI and PALBI grades (P < 0.001 for each grade; Fig 5C and 5D ).
Predictive power of ALBI and PALBI grades according to treatment modality
The predictive power of the ALBI and PALBI grades for OS was assessed according to curative treatment modality (SR, RFA, and LT; Fig 6) . In patients undergoing SR, the ALBI grade was Fig 6B) . The ALBI and PALBI grades showed good predictive performance for OS in patients receiving RFA (P < 0.001 for each grade; Fig 6C and  6D) . However, in patients receiving LT, the ALBI and PALBI grades were not predictive of OS (ALBI grade, P = 0.895; PALBI grade, P = 0.780; Fig 6E and 6F) . The predictive power of the ALBI and PALBI grades for OS was next assessed according to palliative treatment modality (TACE, sorafenib, and supportive care). In patients receiving TACE, the ALBI and PALBI grades were significantly predictive of OS (P < 0.001 for each grade; Fig 7A and 7B) . In patients on sorafenib, the ALBI grade was significantly predictive of Fig 7C) . OS differed significantly between PALBI grades 1 and 2 vs. 3 (P < 0.001 and 0.028, respectively). However, OS did not differ between PALBI grades 1 and 2 in the sorafenib group (P = 0.203; Fig 7D) . In patients on supportive care, the ALBI and PALBI grades were significantly predictive of OS (P < 0.001 for each grade; Fig 7E and 7F) .
Analysis of OS according to treatment modality with BCLC stage
The results of univariate and multivariate Cox regression analyses for OS are shown in Table 4 . Age, male sex, Non-B&C, maximum tumor diameter, AFP level, and CTP class were independent risk factors for OS. The ALBI and PALBI grades were associated significantly with OS in the multivariate analysis.
The patients were evaluated according to initial treatment modality and BCLC stage. First, predictive factors for OS in patients of BLCC stage 0 or A undergoing curative treatment were evaluated (Table 5) . Among the 591 patients receiving RFA, 390 survived and 201 died. In the multivariate analysis, the ALBI grade was an independent predictive factor for OS in model 1 (grade 2 vs. 1, P = 0.009; grade 3 vs. 1, P = 0.002). However, the PALBI grade was not a significant factor in patients receiving RFA. In model 3, the ALBI grade was an independent predictive factor for OS (grade 2 vs. 1, P = 0.038; grade 3 vs. 1, P = 0.001). Among the 855 patients undergoing SR, 672 survived and 183 died. The ALBI grade was a significant factor for OS in the multivariate analysis (model 1, grade 2 vs. 1, P < 0.001). However, only seven ALBI grade 3 patients underwent SR, and there was no significance between ALBI grades 3 and 1 (model 1; P = 0.705). The PALBI grade was not a significant risk factor in model 2. In model 3, the ALBI and PALBI grades had significance between grade 2 vs. 1 (P < 0.001 and 0.015, respectively).
The factors predictive of OS according to palliative treatment modality are listed in Table 6 . Among the 1,715 patients of BCLC stage 0 to B receiving TACE, 684 survived and 1,030 died. The PALBI grade was a significant risk factor for OS (model 2: grade 2 vs. 1, P < 0.001; grade 3 vs. 1, P < 0.001). In model 3, PALBI grade 3 vs. grade 1 had significant difference (P < 0.001), but there was no significant difference between PALBI grades 2 and 1 (P = 0.053). Only ALBI grade 2 vs. 1 was a risk factor for OS (model 1, P < 0.001; model 3, P < 0.001). Of the patients of BCLC stage C on sorafenib (n = 111), 4 survived and 107 died. The ALBI and PALBI grades were not predictive of OS in patients on sorafenib. Among the patients on supportive care (n = 1,147; 81 survived, 1,066 died), the ALBI and PALBI grades were effective factor for survival in models 1 and 2, respectively. According to model 3, the predictive power of the PALBI grade for OS was superior to that of the ALBI grade (PALBI grade 2 vs. 1, P = 0.002; grade 3 vs. 1, P < 0.001).
Discussion
In this analysis of nationally representative data, we evaluated the ability of various scoring system focused on the ALBI and PALBI grades to predict the OS of patients with HCC. The ALBI and PALBI grades had higher AUC values than did the CTP class and MELD score. The ALBI and PALBI grades also showed good predictive performance for OS in patients with HCC. Moreover, each grade has different strength according to treatment modalities. Therefore, the ALBI and PALBI grades may be used to assess liver function and predict the survival of patients with HCC according to treatment modalities.
Our analysis showed that the PALBI and ALBI grades enable prediction of OS. In patients with HCC of CTP class A, the PALBI and ALBI grades enabled discrimination of OS during the 5-year study period. The majority (71.8%) of patients with HCC were of CTP class A. Patients with CTP class A HCC can have various clinical courses, including no chronic liver disease, chronic inflammation only, and well-compensated cirrhosis [24, 25] . Although the CTP class has been used to estimate the liver functional reserve and predict OS in patients with HCC, the subclassification of same CTP class A enables prediction of OS in patients with HCC with well-preserved liver function. Thus, the PALBI and ALBI grades allow assessment of the liver functional reserve. In the view of etiologies and tumor marker, both ALBI and PALBI grades could predict and stratify OS across all different etiologies and the level of tumor marker. However, because non- We also evaluated the ability of the ALBI and PALBI grades to predict OS according to BCLC stage and treatment modality. First, we investigated both grading systems according to curative treatment modalities. ALBI grades 1 and 2, but not the PALBI grade, were predictive of OS of patients with HCC undergoing SR. The lack of a difference between ALBI grades 2 and 3 may be due to the small number of ALBI grade 3 patients undergoing SR (n = 7). The OS of patients undergoing RFA differed significantly among ALBI grades 1 to 3, but not according to the PALBI grade. These results are in agreement with previous reports that the ALBI grade is predictive of survival after liver resection and RFA [26, 27] . However, the ALBI grade showed greater predictive power than the PALBI grade in this study. Patients undergoing curative treatments typically have good liver function and relatively high platelet counts [28, 29] , which may explain our finding of greater predictive power in patients with HCC receiving curative treatments. In contrast, neither the ALBI grade nor the PALBI grade was predictive of OS in patients with HCC receiving LT. The ALBI and PALBI grades predict the risk of mortality related to underlying liver dysfunction. OS prediction using these grades in patients receiving LT may be difficult because LT may not only treat HCC, but also manage underlying liver dysfunction, and because many other factors affect survival during the perioperative period [30] .
Second, we evaluated the predictive power for OS of the ALBI and PALBI grades according to palliative treatment modality. In patients with HCC receiving TACE, PALBI grades 1 to 3, and ALBI grades 1 to 2, were significantly predictive of OS. Similarly, the ALBI and PALBI grades are reportedly predictive of survival in patients with HCC undergoing TACE [27, 31] . In our study, ALBI grades 2 and 3 were not significantly predictive of OS. Some ALBI grade 3 patients treated with TACE had severe portal hypertension, resulting in reduced platelet counts, which cannot be distinguished using the ALBI grade. This limitation may have contributed to the negative results for ALBI grades 2 and 3. In patients with HCC of BCLC stage C on sorafenib, PALBI grades 1 and 3, but not the ALBI grades, were significantly predictive of OS. In model 3, both ALBI and PALBI grades are not significant factor of OS. The high risk of mortality of patients of these patients with sorafenib may be related to tumor progression, rather than underlying liver dysfunction. The OS of patients receiving supportive care differed significantly according to the ALBI grade and to PALBI grades 1 to 3. The PALBI grade had greater predictive power than the ALBI grade. Therefore, the evaluation of underlying liver function, including a surrogate for portal hypertension, is important, particularly in patients on supportive treatment. Therefore, the PALBI grade may enable more refined discrimination among patients with HCC receiving palliative treatments; this issue warrants further investigation. This study has several strengths and limitations. First, we used Korean HCC registry data for a 5-year period. We evaluated a nationally representative cohort of patients with HCC, increasing the accuracy of the results. Second, our results highlight the importance of identifying candidates using more suitable grade system according to BCLC staging and treatment. Although other authors have demonstrated the utility of the ALBI and PALBI grades, these grades have not been studied to identify candidates for whom particular treatment modalities are suitable. Our results suggest that the ALBI grade is more useful than the PALBI grade in patients with HCC undergoing curative treatment, and vice versa for those receiving palliative treatment. Third, we analyzed data of treatment modality with BCLC stage. The treatment decision-making process differed among the participating centers, likely reflecting clinical practice, in which various factors are considered before making decision. To reduce bias, we defined treatment modality with BCLC stage. Forth, unfortunately, there was no data about antiviral therapy in HCC patients with HBV and HCV in our cohort. However, as Korean medical insurance covered HCC patients for antiviral treatment, HCC patients with HBV received and maintained antiviral treatment according to HCC guideline. In HCV treatment, Direct Acting Antivirals (DAA) therapy was not available in Korea during the study period. So, HCC patients with HCV did not receive DAA.
In conclusion, the ALBI and PALBI grades showed good performance for the assessment of liver function in patients with HCC. The ALBI grade showed greater predictive power for OS than did the PALBI grade in patients with HCC receiving curative treatment, and the opposite was true for those receiving palliative treatment. Therefore, appropriate use of the ALBI and PALBI grades will enable more-accurate prediction of the prognosis of patients with HCC.
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